We re-examine the model proposed by Gnedin and Ostriker (1992) in which Jeans' mass black holes (M BH 10 6 M ) form shortly after decoupling. There is no nonbaryonic dark matter in this model, but we examine the possibility that b is considerably larger than given by normal nucleosynthesis. Here we allow for the fact that much of the high baryon-to-photon ratio material will collapse, leaving the universe of remaining material with light element abundances more in accord with the residual baryonic density ( 10 ?2 ) than with 0 and the initial baryonic density ( 10 ?1 ).
INTRODUCTION
An earlier paper (Gnedin & Ostriker 1992 , \GO") explored the hypothesis that bound systems of baryons, with the Jeans' mass 10 6 M , collapse soon after t REC . These objects would now constitute the dark matter in galactic halos and clusters of galaxies. The paper showed that accretion onto these early black holes could generate a background of energetic photons at high z; photodisintegration of 4 He by these photons would modify the light element abundances of the \uncollapsed" baryons so as to reconcile the measured cosmic abundances with a primordial b of up to 0.2 (for an earlier version of this idea see Ramadurai & Rees 1985) . We here explore some further aspects of this idea, the main attractive feature of which is that it obviates the need for non-baryonic dark matter.
Barring e cient instabilities after recombination (but see Hogan 1991) , the hypothesis of GO requires that large-amplitude perturbations in the baryon-to-photon ratio n b =n should already be present prior to recombination: for mass 10 6 M , (n b ? hn b i)=hn b i (where a symbol h i denotes an average over the whole universe at a given epoch) must be in the range 1{10 in order for objects to collapse at z > 400, when the intergalactic medium is still opaque enough for photodisintegration to be e ective. We know of no obvious physical mechanism for generating such perturbations, and therefore cannot specify what the power spectrum is likely to be. The primeval baryonic isocurvature model (PBI) for the origin of structure, proposed by Peebles (1987a,b) , provides an heuristic scenario which can successfully accommodate many observational facts. In a recent discussion of the PBI model (Cen, Ostriker & Peebles 1993 , \COP") it was found that in a power law version of this theory the index m in the relation (T 3 =n b ) k m must be in the range ?1 < m < 0, which, in the short wavelength limit, produces a spectrum of density perturbations with the same spectrum P k ( = ) k m . According to COP, the normalization of the PBI model with m in this range, which matches the COBE observation and is consistent with other { 5 { CBR limits, would, in fact, be nonlinear at t REC for 10 6 < M < 10 7:5 M .
But, for the purposes of the current work, we shall in most of our calculations not rely on any speci c model for the development of structure. We shall merely assume that, unless there is some process in the very early universe that singles out a scale 10 6 M , one could certainly expect the perturbations in n b =n to extend over a range of scales. The present paper extends the discussion of GO in two related ways. First, we take account of the fact that the regions collapsing into black holes have a value of n b =n (smoothed over a 10 6 M scale) which exceeds the overall average value: the BBN abundances of the light elements in the remaining uncollapsed matter should therefore correspond to a lower b than the postulated average. Put simply, if = 0:2 and the 90% of the material collapses which has the highest density, then the remaining 10% or = 0:02 will have light element abundances roughly appropriate for an = 0:02 universe even though dy remains ten times larger. This point was earlier noted by Rees (1984 , see also Hogan 1993 . Second, we note that n b =n may uctuate on scales below 10 6 M (perhaps with even larger amplitude). This means that even the uncollapsed matter contains a mixture of components, which had di erent values of n b =n when Big Bang nucleosynthesis occurred; its abundances (before photodisintegration occurs) will not exactly correspond to those from a homogeneous big bang with any value of b . This last e ect has been discussed (among others) by Epstein & Petrosian (1975) . The second e ect largely cancels the rst one. The smallest scale perturbations, which do not collapse because they contain less mass than the Jeans' mass, may have still higher densities than the material being hidden in massive black holes. Much of this material will disperse contaminating the remaining gas with matter which would show abundance anomalies. Hogan (1993) omitted to consider this problem.
In section 2 we describe the physical nature of the perturbations which we will be treating, in section 3 we detail two forms of the model, a lognormal (pseudogaussian) model with random phases and also a phase correlated scenario analogous to that obtained in { 6 { the texture picture (Turok 1989; Spergel et al 1991) . Results are presented in section 4. To summarize our conclusions (from section 5) the model here fails , if there is a large amplitude of small scale (M 10 6 M ) uctuations in the baryon-to-photon ratio and if the uctuations have random phases. The reason, noted above, is that much of the material in the low mass but high density uctuations will not collapse and will contaminate the universe with, for example, high ( 4 He= 1 H) material. But the model succeeds in one of two cases: if, arti cially, the small scale perturbations are suppressed, or, if the small and large scale uctuations are phase correlated. The rst possibility seems unreasonable, but the latter one is not implausible in the context of current work on topological defects in cosmology. In fact purely baryonic models based on the non-gaussian picture can be easily constructed, which are in accord with all observational constraints.
THE PERTURBATIONS BEFORE RECOMBINATION
After t REC , when the baryons are decoupled from the radiation, a region with overdensity (n b ? hn b i)=hn b i will collapse if its mass exceeds the Jeans' mass M Jb 4 h i 3 J =3 10 6 (1 + ) 0 h 2 ] ?1=2 M (Peebles & Dicke 1968) . If Compton drag can be completely neglected (but see Loeb 1992), the collapse redshift z COL is then related to by 1 + z COL = 1 + z REC (1 + 3 (1 + ) 1=2 =2 3=2 ) 2=3 ;
where z REC is the redshift of recombination. High-density regions on mass-scales below M Jb will tend to expand after t REC ; they are at the same temperature as their surroundings, but have an excess baryonic pressure. There would be substantial damping during recombination (Peebles 1969; Carr & Rees 1984) , and at late stages these scales would be homogenized further.
Before recombination, the e ective Jeans' mass, M Jr , is larger than M Jb by a factor of The amplitude of these perturbations in n b =n would be unchanged between the epoch of Big Bang nucleosynthesis and t REC except insofar as the small temperature gradients allow di usion of photons relative to the baryons. This di usion becomes more important at late times, since the photon mean-free-paths scale with T ?3 (for t < t REC ). These di usion e ects were considered by Hogan (1978) . They are negligible for scales M Jb . Overdensities on scales < 10 3 M would expand before recombination (unless the initial overdensity were larger than (M=10 5 M ) ?2 , in which case they would collapse before t REC ).
Therefore n b =n was just as \lumpy" on scales 10 6 M at the time of primordial nucleosynthesis as it was at t REC . On smaller scales ( 10 3 M ) it may have been even more inhomogeneous at earlier times than at t REC . Although we are not tying this paper to any explicit model for the growth of structure, it is useful to see how it might t into the PBI scheme since that, of all the popular scenarios, appears to be most relevant. In COP the authors found the set of parameters: = 0, 0 = 0:2, h = 0:8, and spectral index m = n = ?0:5 to be acceptable with regard to large scale structure and CBR constraints. We do not need to know, for our present purposes, the distribution of perturbations as a function of scale (e.g. the power spectrum P k ( = )). It su ces to summarize the distribution of perturbations in terms of two parameters, L and S , which specify the uctuations in n b =n on \large" (M > M Jb ) and on \small" (M < M Jb ) scales, the amplitude being xed at the epoch of Big Bang nucleosynthesis. On the large scales, L will be unchanged until t REC , and it will then determine how quickly the overdense regions collapse into black holes (cf Umemura, Loeb & Turner 1993) . The small-scale uctuations may be somewhat reduced (on the smallest scales) by pre-recombination photon or neutrino di usion; after recombination, any primary inhomogeneities on these scales which are not in an overdensity on a 10 6 M scale will be fully mixed, and will constitute the material from which the luminous parts of galaxies form.
We cannot make the usual assumption of gaussian random perturbations since the very large amplitudes on small scales in this PBI model would imply the existence of unphysical negative density regions. Thus, we take the lognormal distribution as our model, as this reduces to the gaussian distribution for small amplitudes, but gives only positive densities for any amplitude. We do not need to know the full power spectrum but can represent all of the uctuations by considering two scales. To make this model speci c, we assume that uctuations of n b =n before recombination have a distribution which can be approximated by two independent log-normal distributions over \large" and \small" scales, such that an average value of any function F( ) is calculated by Thus the lognormal distribution is a convenient extension into the nonlinear realm of the familiar gaussian distribution and it has the virtue of not permitting negative values of the total density = h i(1 + ). Also, for reasons not yet clear, the nonlinear growth of structure appears to produce, through the e ects of gravity, a distribution which is quite similar to the lognormal form (Juszkiewicz 1992) , especially for large values of . In any case we can now proceed into the mildly nonlinear regime.
We imagine that shortly after recombination, a large fraction of the total baryon density collapses into black holes, leaving only " 0 =h i fraction of the total baryon density to constitute the material currently observed as the baryonic universe. Then any quantity F( ), which one later observes as averaged over the whole universe, would be averaged over the remaining baryon uctuations only. That is, for the uncollapsed material
{ 10 { where the upper limit c is de ned by the constraint
All material with density greater than c collapses; 0 is the mean density of the uncollapsed fraction. This model by no means pretends to describe the spatial distribution of perturbations; it is not analogous to the Press-Schechter formalism. However, because we know that the lognormal distribution is a reasonably good t to the density distribution function within the range of the power-law index of a power spectrum we are interested in, we chose this distribution function to mimic the real one. Assuming the lognormal distribution, then equation (7) is derivable immediately from the usual Bayesian ansatz for treating conditional probabilities. The cuto value C is de ned by the ratio of collapsed to uncollapsed material. As shall be shown below, the results for nucleosynthesis production in this model are so far from the observations, that even a signi cant variation in the density distribution function from the lognormal one still can not match observed light element abundances.
Since these uctuations exist during the nucleosynthesis epoch as well, the results of primordial nucleosynthesis can be somewhat di erent from the standard (SBBN) picture (Walker et al 1991) . In order to allow for this fact, we have used both SBBN production and inhomogeneous nucleosynthesis production (Mathews et al 1990) for the calculation of the observable light element abundances. The inhomogeneous case, obviously, should be treated in somewhat greater detail to account for the inhomogeneous light element production accurately; here we use Mathews et al. 1990 light element production as a mere indicator of a possible range for variations in the BBN production. For a detailed treatment (including the e ects of neutrino di usion) see Jedamzik et al. (1994) . We, use the nucleosynthesis output as a function of and average it over the distribution (2) to obtain the average abundances in the universe. The dominanted e ect is of mixing uncollapsed material with di erent values of and hence with di erent abundances of the light elements. The averaging is done via equation (7). But some of these elements, produced in high density regions, will eventually collapse into black holes and become unobservable for us. The observable distribution is thus obtained by averaging the light element abundances over the uncollapsed distribution (7). Since this distribution includes low density uctuations predominantly, in general, light element abundances will approximately correspond to a lower density universe than the real one.
Black holes, formed from the remaining (1 ? ") fraction of the baryon density, will accrete from the remaining gas and generate AGN-like photon spectrum, which we assume to be of a form
where h b 10 MeV and 0 E 1. In this paper we adopt E = 0:5, which is better motivated by the extant observations than the value E = 0 assumed in GO. All other parameters are as in the prior work. Our earlier paper, GO, gives the detailed description of all relevant physics and the numerical methods for calculating the history of the universe exposed to the photon background source with a spectrum like (9). High energy (E > MeV) photons, produced in the accretion onto massive black holes, interact with a cold baryon plasma producing three main observable consequences. First, they photodisintegrate 4 He nuclei into D and 3 He, thus changing primordial light element abundances in such a way as to mimic a lower initial density of the universe. Second, these photons generate electron-positron pairs, which quickly cool o of the CBR photons by Compton scattering, transferring their energy to the CBR photons and distorting CBR spectrum via Sunyaev-Zeldovich e ect. The nal distortion, y hot , is a possible measurable consequence of this process. Finally, the input spectrum (9), after being processed as described above, will remain as a high energy background radiation eld which can, through Compton and photoionization processes, keep the universe hot (T > 10 4 K) and ionized. { 12 { This will retard galaxy formation and make the universe opaque (due to electron scattering) until a much later epoch thus smearing out small scale CBR uctuations (cf COP for some of the details).
The lower energy photons, emitted by black holes, promptly reionize universe and reheat the plasma, which cools by Compton scattering on CBR. This channel transfers energy from nonrelativistic energetic photons to the CBR, causing \cold" Sunyaev-Zeldovich distortion y cold . The total y-parameter is sum of both this distortions y = y hot + y cold . The remnant of incident photon spectrum evolves up to current epoch as a part of a di use Xand -ray background.
In the rst paper GO introduced \clumping" parameters, to allow for the correlation between photon and baryon distributions in the vicinity of black holes. These correlations are important for particle interactions, since they enhance reactions rates, which are proportional to hn n i C hn ihn i for + ! reaction (where ; = b; r, subscript b noting baryons and subscript r noting high energy photons; we avoid using a symbol to denote high energy photons since we have already used it to de ne number density n of primordial photons), rather than the product of particle mean densities hn ihn i. The clumping parameters, C , were introduced in a realistic while heuristic model. In this paper we can calculate the baryonic clumping parameter explicitly since we have assumed a de nite form for the distribution of uctuations. We will allow density perturbations to grow at a rate D 1 (t). Then, since only three clumping parameters need to be introduced, we de ne
where & bb is de ned from the condition C bb (t REC ) = 1 + & 2 bb = 1 + h 2 i t>t REC :
For the photon-photon clumping parameter C we use the model described in GO and the 
Since no nonlinear structure can form just after reheating of the universe, the time evolution of clumping parameters can be described by the growing mode of linear perturbations, D 1 (t) until a recent epoch of galaxy formation, z < 30. Because at these low redshifts the energy injection from our sources stops, we can safely assume that D 1 follows the usual equation (Peebles 1980 
with T b , T being baryon and CBR temperatures correspondingly, X fe is the fraction of free electrons (ionization fraction), and k 2 = is a wavenumber (all other parameters carry their conventional meanings). We choose k = k J 2 (3M Jb =4 ) ?1=3 for our clumping parameter time evolution. This de nition, and equations (10-13) de ne our procedure for computing the evolution of the clumping parameters.
It is important to note here that with the energy index E = 0:5 and clumping factors determined by equations (10) and (12), the postrecombination processing of light elements becomes small, and the nal abundances of light elements re ect to a great degree the primordial mixture. Even in the prior paper \GO", where photodisintegration e ects were large, the derived 3 He=D ratio (cf Figure 5 of that paper) was within observational limits.
In this paper, we concentrate on three main observational consequences of the model.
Given the cosmological parameters of the model, L , S , h i ( 0 ), and 0 ( b , which can be xed from observations), and the photon \source" parameters, E , z max (redshift of maximal energy input), and U r =U CBR (the ratio of high energy photon energy density relative to CBR energy density), we calculate the whole history of the universe from recombination until z = 0 and nd the y-distortion, the nal X-and -ray backgrounds and { 14 { the light element abundances. Comparing these calculated quantities with the observations, we can restrict our parameter space. 
where 8 is the density rms uctuations on the scale 8h ?1 Mpc now, M = 5:9 10 14 0 h ?1 M , M nd 10 ?14 ( 0 h 2 ) ?1=2 M is the neutron di usion scale at the time of the end of the nucleosynthesis (with the results only logarithmically dependent on this value), and m is the power spectrum power-law index. Now, given 0 and an assumed thermal history of the universe T b (t) (taken from GO), we can integrate equation (13) to nd the growth factors at the two mass scales of interest (Jeans' mass at decoupling and the neutron di usion scale). Substituting those values into equation (14), for given m, we nd ( L , S ). In the present case the results (given in the next section) depend almost entirely on the two parameters b h 2 and m for a power spectrum of xed amplitude. Let us now examine the alternative assumption that perturbation phases are not random, speci cally we shall take the baryon density to obey the law:
within a perturbation of size r 0 , with r 0 being distributed somehow on both small and large scales and 0 being a parameter related by a normalization factor to the mean density. Two distinct cases are possible: rst, when l < 3 and all the mass of perturbation in the outer region, and second when l > 3 and all the mass is within several core radii (which should be assumed to have a nite value in this case). The latter case is of no interest for us, since, for l > 3, only a tiny mass fraction of all baryons, much smaller than any reasonable ratio of b = 0 , reside in the regions having the density of the order of the observed mean density of the universe; thus, the nucleosynthesis production in that case corresponds to a homogeneous universe with h i 1 with light element abundances being orders of magnitude o the observed values. Obviously, this model is not viable at all.
Therefore, in this section we assume that the universe is lled up with perturbations (15) and 0 is the \ oor" density, i.e. equation (15) is only valid until r < r 0 . We also assume that perturbations ll almost the entire volume of the universe, i.e. the probability to nd a region with density lower than 0 is small. For any function F( ) which depends on density only, we can calculate its mass-averaged value for one speci c perturbation: 
and we can distinguish perturbation by their masses M 0 rather than scales r 0 . Let the number density per unit comoving volume of perturbations be n pert so that, if P(M 0 ) is the probability distribution of masses ( R P(M 0 )dM 0 = 1), we have that
h i = hMi n pert :
Then, for any function F( ), its mass-average over the whole universe before recombination can be expressed as
After recombination the fate of a speci c perturbation depends on the value of index l. For an isothermal perturbation its Jeans' mass is inversely proportional to the square root of density, and the ratio of the mass inside the radius r to the Jeans' mass inside the radius r is thus M(r)=M J (r) r 3?l 1=2 r 3?3l=2 :
If l < 2 (or q > 1=2), then no part of the perturbation is Jeans' unstable if the whole is not. But, for l > 2, the inner parts will be unstable even though the outer parts will not collapse.
Let us now assume that the inner part of a perturbation with density greater than some critical density C (M 0 ) collapses. Then, for the density distribution function after recombination we can write:
where the normalization constant C is 
In that case (24) reduces to
The second integral in (27) does not depend on M 0 and therefore the rst integral can be calculated to give unity. The nal density distribution function, being expressed in terms of baryon-to-photon ration, reads as follows: for this case. Because neither L nor S enters this expression, we have only one parameter q for describing nucleosynthesis; in this case q > 1=2. For the case treated we need to know neither P(M 0 ) nor hM 0 i.
Top hat perturbations
Another possible choice for the phase-correlated perturbations is top-hat perturbations. Let us assume that all perturbations are concentrated in dense compact lumps. We also { 18 { assume that at every time during the expansion of the universe some constant fraction of the total mass, f H , was locked into these perturbations,
where M pert is the total mass in dense lamps and M H is the horizon mass at the time t. This assumption is analogous to that made in deriving the Harrison-Zel'dovich spectrum and it is valid for topological singularities such as strings and textures in their normal formulations. The the total mass of these perturbations at decoupling is
Let us now address the question of whether such a perturbation is Jeans' unstable at decoupling. Let f 1 be the fraction of the horizon mass M H locked into perturbations with the mass M 1 ( f 1 M H ) when the perturbation was formed (and, thus, N = f H =f 1 perturbations was formed simultaneously in one horizon-size region). At decoupling, the Jeans' mass for a perturbation with the overdensity 1 + =h i is M Jb ( ) 10 6 M ( 0 h 2 ) 1=2 h i ! 1=2
(1 + ) ?3=4 ; (33) and the baryonic mass within the horizon in the radiation dominated era is M H = 3:3 M 0 h 2 T ?3 MeV ; (34) where T MeV T=1 MeV. For the most dense perturbation possible, 1, the perturbation mass equals to the Jeans' mass at the temperature T eq = 0:9( 0 h 2 ) 3=2 f 1=3 1 MeV:
Thus, no perturbation with the size smaller than the horizon size at the moment of its formation is unstable at decoupling. We, therefore, have to assume that f 1 > 1, i.e. a single { 19 { perturbation can occupy several horizon-size regions. This sort of perturbation, even if it apparently violates causality, can indeed be produced, for example, by cosmic strings.
Let some fraction of these perturbation collapse into black holes at decoupling, and let f m is the fraction of mass which is left outside black holes in perturbations, which did not collapse. Then for the density distribution function we can obtain, 4. RESULTS The tilted shaded regions correspond to the parameter space permitted from the homogeneous/inhomogeneous nucleosynthesis production. We see that homogeneous nucleosynthesis can not be combined with any reasonable model for large scale structure. The small intersection between regions with correct normalization for the power spectrum and with observable light element abundances produced in the inhomogeneous nucleosynthesis requires m ?2:3 which is incompatible with large scale structure and CBR constraints (cf COP). Thus, the random phase model that we have considered fails. The failure is so gross and the reason for it so straightforward that we doubt that any random phase model could be constructed that would escape the fate of the one we treated here. { 20 { Now let us turn to the case of correlated phases and examine the power-law model ($3.2.1) with parameter q de ned by the equation (18) and restricted to the range q > 1=2. We tried two cases, assuming that at each point nucleosynthesis produces either standard BBN abundances (Walker et al 1991) or abundances, typical for inhomogeneous nucleosynthesis (Mathews et al 1990) . The reason for including the latter is that at the time of nucleosynthesis the neutron di usion scale is larger that the photon di usion scale, so, we can expect that light element abundances may be somewhat di erent from those in the standard picture. Figure 2 shows the observed nucleosynthesis constraints for two nucleosynthesis scenarios. As equation (28) shows, these constraints depend on h i 0 h 2 only. We see, that in both cases there are allowed regions in the parameter space, but the homogeneous nucleosynthesis constraint implies an unacceptable low value for 0 and, thus, can not be incorporated into a viable model. In the inhomogeneous nucleosynthesis case the 0 h 2 value is a bit lower than generally assumed but still in accord with current observations. Thus, we can construct a viable model for this scenario of light element nucleosynthesis.
For the top-hat perturbations, in contrast, nucleosynthesis production is a function of b h 2 only, since it depends on h i t>t REC only. Figure 3 shows the allowed region in the ( b h 2 ,f m ) plane. Recall that f m is the fraction of the residual baryons from high density regions which are dispersed as contamination into the remaining background gas. For f m = 0 our result exactly coincides with the SBBN, but up to 7% of the contaminated material is also allowed to escape collapse.
Let us now turn to a speci c cosmological model. As parameters, we must assume 0 , b and h. We will x h by the current age for the universe and adopt for the sake of de niteness t 0 = 15 Gyr. Figure 4 present ( 0 , b ) planes for various cosmological models; we assume the inhomogeneous BBN and power-law perturbations on Fig.4a and homogeneous nucleosynthesis and top-hat perturbations on Fig.4b . An important observation which can help restrict the parameter space is that which gives the observed gas-to-total mass ratio in X-ray clusters (White 1992) , which, after being corrected for the observed stellar M=L ratio (= 4), gives b = (0:011 + 0:045h ?3=2 ) 0 ;
and we assume 25% errorbars for this relationship. The tilted shaded region corresponds to observed light element abundances, while the dotted region indicates the region permitted by equation (37).
Examination of Figure 4 shows that there are plausible model for both an open and a at universe. Cosmological parameters for this models as well as the ratio of 8 at the current epoch to the rms density uctuations on Jeans' scale at the decoupling are summarized in Table 1 . Amplitudes are selfconsistent in the sense that if 8 (t 0 ) is in a range (0.5{1.0), then J (t REC ) > 1.
The three representative models in Figure 4 designated by a triangle ( at case) and a circle and a diamond (open case) are noted with these symbols in Table 1 . They are permitted by the 4 He and 2 D+ 3 He observations. They satisfy White's (1991) determination of the gas-to-total mass ratio in X-ray clusters and they are consistent with our poor empirical knowledge of b and 0 (0:01 < b < 0:10, 0:15 < 0 < 1; see GO for references). They are also consistent with our knowledge of the Hubble constant (0:4 < h < 1:0) and the age of the universe (10 Gyr < t 0 < 20 Gyr). Finally the values of the spectral index m that they correspond to (m ?0:3; ?0:2), for the at and open cases, are consistent with CBR and other constraints (COP; Hu, Scott & Silk 1993) . Other properties of the models, such as nal light element abundances, Sunyaev-Zeldovich y-parameter, the maximal and nal hydrogen ionization state and the smearing angle of CBR are summarized in Table 2 . We now choose a model for calculating the complete thermal history of the universe. We choose { 22 { as representative a at model \4" with b; in 0 = 0:3, b; n b = 0:032, h = 0:63, and we have assumed standard BBN production for the top-hat perturbations. Let us note that the model is mainly determined by the gas density b h 2 , and the latter is pretty much determined by the nucleosynthesis restriction. So, despite a freedom in ( 0 , b ), the model is quite robust to changes that preserve the standard quantity b h 2 .
The computed evolutionary model is done as speci ed in GO. Black holes are formed at an early epoch (see 1]) and accrete gas, radiating energy with an e ciency " = L=( _ Mc 2 ) and a spectrum, chosen to mimic observed quasars of the form given by (9). For the integration that we show below we have chosen " = 2 10 ?5 and e = 0:5. Fig.5 shows the temperature and ionization fraction evolution for this model (4) and Fig.6 presents cosmological perturbation evolution. Note in Figure 5a that the mean gas temperature has a similar evolution to that found in GO, i.e. a slow decline from 15,000K to 10,000K after reionization which occur near z = 500 until the epoch when the compton heating time is comparable to the Hubble time (z 10). During the era relevant for masking of primary CBR uctuations and generating secondary uctuations (500 > z > 50), the ionized fraction of hydrogen is typically in the range 0:05 < (H II=H tot ) < 0:2. Optical depth unity occurs, for this model, at z = 251. Thus, as in GO there would be distinct epochs for the formation of structure. We show in Fig.6a the evolution of the Jeans' mass and the mass of nonlinear scale with the adopted spectrum (m = ?0:3) and adopted normalization ( 8 = 0:7). Our hypothesized massive black holes, which constitute the baryonic dark matter form in the left hatched region (1200 > z > 500). Although objects could nominally form in the range 10 6:5 M < M < 10 8 M , it is likely that massive black holes would form in only the lower mass part of this domain for two reasons: amplitudes are larger at smaller wavelengths and the Compton drag (cf Umemura, Loeb & Turner 1993) would inhibit the formation of large objects. Quasars and galaxy formation would occur in the right hand hatched region when the Jeans' mass again falls below the mass at which waves { 23 { are nonlinear, beginning with galaxies in the mass range M gal 10 10 ? 10 11 M . Star (and quasar) formation in this epoch, which of course is not included in our calculation, would increase the ionization of the medium at these later epochs. Our clumping parameters evolution is shown in Fig.6b, while Fig.6c presents the temporal dependences of the fractions of injected energy redistributed among CBR (the dashed line), X-and -ray background (the solid line) and intergalactic gas (the dotted line). Fig.7 contains the nal radiation spectrum. This radiation, which is truly di use now, constitutes around 10% of the observed X-ray di use background but is more signi cant in the -ray part of the spectrum.
CONCLUSIONS
We have attempted to couple the picture presented in GO with the standard view that there exists a spectrum of perturbations having amplitudes increasing with decreasing scale. We nd that, if we adopt in addition the usual random phase approximation, then perturbations with scales smaller than the Jeans' mass at decoupling ( 10 6 M ) would not collapse and would spread about their anomalous light element abundances, polluting the universe with (for example) too much 4 He. Such models can be ruled out. But, if we imagine that there are distinct patches of high density material, then, typically, the most anomalous mass elements live within regions which will collapse utterly to massive black holes leaving behind material with e ectively \normal" abundances. The remaining abundances satisfy a relation b h 2 = 0:013 0:001, overlapping with the standard BBN relationship ( b h 2 = 0:0125 0:025). A particular set of non-gaussian models was examined, but we did not try to be specially ingenious and expect that there exists a much broader set of models that would be acceptable. Speci cally, we nd models, both at ( 0 + = 1) and open ( 0 < 1, = 0) which have acceptable values of the Hubble constant, the age of { 24 { the universe, ( 0 , b ), the ration of gas to total mass in the X-ray clusters and the spectral index m (e.g. models (1,2) of table 1). All produce early reionization which is necessary for the PBI picture and imply early epochs of galaxy formation. In one speci c model, presented as illustration, recombination proceeds normally until redshift 800, but then the bulk of the universe reionizes at redshift 600 to the level (H II=H tot ) 0:1 ? 0:2 which is maintained till much later epochs. This ionization history is optimal if the small scale CBR uctuations of the PBI model are to be consistent with observations (Hu & Sugiyama 1994) . The y parameter expected, 1 10 ?5 , is near the limit currently set by COBE observations (Wright et al 1993) and provides a distinctive test for this class of models. Also a signi cant fraction of the high energy background should be truly di usive, having originated from very high redshift quasars. The overall conclusion, that light element nucleosynthesis can be consistent with baryonic models (no nonbaryonic dark matter) having 0 considerably in excess of 0.1, should broaden our conceptual framework, allowing work on a much wider range of cosmological models.
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